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Goals

To ensure students gain a working knowledge of how to apply the
“Yo-way ” and “%4” safety rules for performing a “hand-stack”™
operation.

To ensure students gain a working knowledge of how changes in
moderator and reflector geometry affect the criticality of a system.

To ensure students gain experience using the Inhour equation
relating reactivity and reactor period.
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What Do We Want To Do?H

Demonstrate Moderation

OowW?

We want to interleave thin HEU
foils in between polyethylene/Lucite
plates

» The poly/lucite plates act as a
moderator and reflector
« Lots of hydrogen, a good
moderator!

« Mimics a fissile solution system HDP H density 123% of H,O
Lucite H density 85% of H,O




Class Foils (HEU)

Uranium Metal Foils
9.0-in square by 0.003-in thick

Starting with foils in a Can
Mass per foil: ~70 g

Total number of foils: 26
Total Mass in Can: ~1,800 g

93.19 wt% 23U
Average Density: 17.25 g/cc

235 metal mass limit in CSED: 10,000 g
Why are we ok at the start, if we know we have enough

material to go prompt critical?
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Fuel units consist of
laminated uranium metal foils and
polyethylene or lucite plates

If we stack enough foil-
lucite/poly plate units together, =
we will achieve a critical
configuration



If we stack enough foil-poly/lucite plate units
together, we will achieve a critical configuration

— 10 kg —

.
Handstacking

Hollow aluminum tube

3-in top
Lucite/Polyethyne
reflector '
Uranium
Foils
Neutron Source | - =
E— A
Lucite/Polyethylene
Plates
3-in bottom
Lucite/Polyethylene
reflector

1 |

« Configuration:
« Top Reflector: 3" poly/lucite
* Units: X number of poly or lucite/foil “units”
« Bottom Reflector: 3" poly/lucite
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Initial Fuel Load

Polyethylene (CH,)/Lucite Plates

14 “x 14" x 0.5"
" n n
Hollow aluminum tube
Uranium
3-in top Foils
Polyethylene/Lucite
reflector /
Neutron Source 20 (e Polyethylene/Lucite
Plates

3-in bottom
Polyethylene/Lucite
reflector

{

I
Tab\e/v

Take a neutron count after configuration
is fully assembled.
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N
Second Loading

10 kg —

Hollow aluminum tube

3-in top Uranium
Polyethylene/Lucite Foils
reflector
A/

Neutron Source — T ————f Polyethylene/Lucite
47
) Plates
3-in bottom
Polyethylene/Lucite
reflector

1 |

Add one unit and take another neutron
count after configuration is fully assembled.
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Approach to Critical — Safety Rules

Everyone is responsible for safety.

Initial and second fuel loadings must be safe.
Follow the 1/M critical approach curve.

Limit hand-stacking (%-rule).

Limit rate of fuel addition (72-way rule).

10
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Approach to Critical

 We do an approach to critical:

Start with only a few units (very safe, very
subcritical)

By hand, on a cart (handstack)

Slowly add units to a single stack and use
neutron detector to detect neutrons

Use simple calculations to estimate how
many units we need to go critical

Stop well below our critical estimate!

11



Criticality

and

Data Graph

Units

Counter 1

Counter 2

Counter 3

Counter 4

Total

M

1/M

Predicted
Critical

1/2 Way

3/4 Rule

1M

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

14

Number of Units (Foils)

19

24

12
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Approach to Critical Rules

« We have rules that we follow for worker safety when
performing the approach to critical (1/M Approach to
Critical)

« The first and second configurations must be subcritical

« We linearly extrapolate between the last two data
points to estimate the critical configuration

« Half-way rule: A single step can only go up to half-way
to the critical estimate

« Three-quarter rule: When handstacking (on the cart),
we have to stop when we get to 75% (3/4) of the
estimated critical mass, which corresponds to k_=0.90

13



Critical Mass Determination (1/M)

Step Action

1 Determine base count
rate

2 Add additional material
(fuel, reflector, etc.).

3 Measure new count rate,
and plot new 1/M.

4 Extrapolate to critical mass
(1/M) = 0.

5 Determine safe addition for
next step (based on %:- and
2-way rules).

6 Repeat steps 2-5 to

approach critical.

Inverse multiplication (1/M)

Inverse multiplication (1/M)

1.0

0.5

1.0

0.5

Conservative 1/M curves provide
safe extrapolation to critical mass.

Extrapolation 1

Extrapolation 2

/ Extrapolation 3

CM,; CM, CM,

Fuel mass, liquid level, control rod position, etc.

Nonconservative 1/M curves give
risky extrapolations to critical mass.

Extrapolation 1

Extrapolation 2

Extrapolation 3

CM; CM, CMjg

Fuel mass, liquid level, control rod position, etc.

14



Approach to Critical Rules

« Half-way rule:

(# units in assembly + # units expected critical)/2

 Three-quarter rule:

# units expected critical *0.75

g-

)

r
B
B
zd
=

15
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Approach to Critical Rules

1

0.9

0.8

0.7

Data Points to Extrapolate From

R it Rt

Units 1in the Stack

Half-way Rule

/

Estimated Critical Mass

Three Fourths Rule

4__'_'_._'_,_,---—"’

16
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Relative Multiplication

C, = eSM,Q2 where
C 1s count rate
¢ 1s the efficiency of the detector
S 1s the neutron source (n/sec)
M, 1s the 1nitial multiplication (4 foils)
Q) 1s the solid angle
C,= &SM,Q M, 1s the multiplication for 5 foils

Co :%ﬁMo& _ My
¢, &M, Q My

17
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Approach to Critical

How do we continue once the Handstack limit is
Reached???

* Once we know what the limit is, put that portion
on a moveable platform

« Put the additional units on a stationary platform

 Make certain the two stacks are well separated

 What is “well separated”™?

* Bring the two stacks together remotely

« Continue to add units to the stationary platform
— eventually go critical!

« But where could we find such a machine or
machines???

19



N

AN

Critical Masses of Homogeneous
Water-Moderated U(93.2) Soheres

Critical
Mass '
(kg of 235U)

»oms § 5288 3

fd

H/ 235U for UO,F, solution

NGSP

NUCLEAR CRITICALITY SAFETY PROGRAM

ZTHH] 100D SO0 SN 20D 1040 50 30 20
| b I [
From HyO reactwvity cosficients ‘“‘m._}- :
..‘....l' —
&
i Solutio a D.___:l:“b-‘
ol utions —_
: -F..I .r-"
1 L -
i - -
5 " —
=t~ —
- - —
i Fl
L 1116-in. atairkess Matat-water —
| sten| redleciar Frmiiarees
1 |8 L=t
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1
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I )
T 8 Dwoia desived from sphones
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: 235U Density, kg of 235U/L /
L | | | | | LIl
oot N2 LrRiL 4.1 o2 a4 1 2 4 & B O
. . H/235U metal-water mixtures |
i ] i ]
| l | L1 | | L1 | Ll .
K] 101 SOE] D SO0 1610 o I 3 1 5 A2 1 ]

H "2551 ) mrestal-weaber mmjiviures
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Planet Critical Assembly

° Planet is a “light-duty,” general-purpose, vertical-lift assembly machine.

| | | |

8.3-in gap

1 ]
VR N
\/

1 ]

Primary

Cylinder

21



Comet Critical Assembly

« Cometis a “heavy-duty,” general-purpose, vertical-lift assembly
machine.

22



Planet Control Panel Display

APE Ralays

CR Planet SCRAM
CR Flat-Tep SCRAM
Leg N Detecter 172
Leg N Detecter 24
Plaret SCRAM
Flat-Top SCRAM
SCRAM Button#3 (Eq. Corr)
SCRAM Button 41
SCRAM Bumon42
SCRAM Button 4
SCRAM Button 44 .:r.mum
Coor Interieg
Pervonnel Doar I-urlul
Equapmant Dga Interiach

8 @

OPF INTLK

O—

4+

Shutdown
MACHINE RESET|

Op intik <= Planet Comm.
Flanet Operacenal Mode

Etharrat Communication E CR
Joyitch Communicabien CR
Temparature Moduls OK
Anpiag lngut Module OK
Stepper Motor Module OK
Mydrauic Pump

Pawar oK
Vemage. 24V Analeg Power Supply 24TBV
WeRmage 24V Dugital Power Supply 2427V

Planet

Prim, Ram in Limit

‘NESP

NUCLEAR CRITICALITY SAFETY PROGRAM

Fisttop Control Room
Lecal T
Flat4op
Shutdawn
T@hﬂ
hﬁ|m“ﬂwl
TotalGap 880 in | omperstue® c
Temperature 2
Ram Travel 7.0 in paas
Temperatwre #3 | 227C
Platen Travel 1.8 in Temperature 24 g17¢C
Slow position 0.0 mils Temperature 85 c
Slow speed 0 mils/sec |Ambient 230¢€
Hold Left Button for Menu
Gap Distance
8.801 in
Speed
0.000 in/sec

23
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Initial Fuel Loadin ; ST o

Remote Operations

— =

——

Never more
than the hand-
stack limit (3/4
rule) on either
of the two
platforms
during fuel
loading.

i

Add Units Here

] 8.3-in gap

Primary
Cylinder

Secondary
Cylinder

25



Planet during Re Tl

—] 10 kg ]
Hollow aluminum tube
Uranium
3-in top Foil
Lucite/polyethylene
reflector
A
rﬂl l i
——
Neutron — |
Source \
3-in bpttom Lucite/polyethylene
Lucite/polyethylene Plates
reflgctor
N N
\ N
, N
%161

Comet Vertical
Assembly Machine

26
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Remote 1/M

()

1/M vs Number of Foils (Remote Approach)

1
0.8

0.6

1/M

0.4

0.2

Number of Foils

27
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Number of Foils

1/M

1/M vs Number of Foils

y = -0.1295x + 1.7772
x = 13.72



Sheet2

		



Number of Foils

1/M

1/M vs Number of Foils

y = -0.1227x + 1.7297
x = 14.09
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Number of Foils

1/M

1/M vs Number of Foils (Remote Approach)

y = -0.058x + 1.265
x=21.81
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Final Approach to Critical

When the next unit addition will be more than 1/2 way to
critical:

add next Unit,
use separation distance as unit for 1/M approach, and

continue until completely closed.

28
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1/M Using Clo.

1/M vs Separation

1M

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

Separation (in)

29
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Find Critical

=Repeat until it is apparent that this unit will go critical.
*Add enough reactivity to be on a positive period.
*Find delayed critical.

»Shim with spacers, adjust the stacking, or use partial foils to adjust
the excess reactivity.

»Perform measurements as outlined in the Experiment Plan.

30
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Inhour Equation (Class Foil Experlment)

6 L/
P($)— /4 +zﬂz ﬂeﬁ
By *T 53 1+A4T

where

p($) s the reactivity in dollars
B/l is the Rossi-a at delayed critical

Beq s the effective delayed neutron fraction for the system
T Is the reactor period
B./B.s is the relative abundance for 23°U for each
of the six groups from thermal fission
A is the decay constant for 23°U for each of
the six groups from thermal fission
1 is the neutron lifetime of the system

31



Parameters Needed f
Equation
For the Criticality Safety Class Foils Experiment:

a(DC) = B/1=200 s

Decay Constants and Yields for 23°U from Thermal Fission’

Group Decay Constant Relative Abundance
Index, i A s a; = Bi/Bess

1 0.0124 0.033
2 0.0305 0.219
3 0.111 0.196
4 0.301 0.395
3) 1.14 0.115
6 3.01 0.042



Graphical Representation of the Inhour NECSP
EECILIE’tIC)’7 for the Class Foil EE)(’)(;,1’11€;,7t —

1X10° B
1000 T
Y
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==
51‘-"11.
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'5-_‘__‘_‘_-‘1
—
1 ==
Reactor
Period
(Seconds)
0.1
0.01
1310”7

0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.2 0%

Reactivity ($)
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Benchmark Data for Class Foil Experiment

Uranium Metal Foils
9.0-1n square by 0.003-1n thick

93.19 wt% 23U

5.43 wt% 238U

0.26 wt% U

1.13 wt% »4U

Average Density: 17.25 g/cc

Lamination:

Two laminated sheets

10-1n square by 0.003-1n thick
Modeled as polyethylene (CH,)
Average Density: 1.226 g/cc



	Slide Number 1
	Goals
	Slide Number 3
	What Do We Want To Do?
	Class Foils (HEU)
	Class Foil Experiment
	Slide Number 7
	Initial Fuel Load
	Second Loading
	Approach to Critical – Safety Rules
	Approach to Critical
	Criticality Safety Workshop Data Sheet�and�Data Graph
	Approach to Critical Rules
	Critical Mass Determination (1/M) 
	Approach to Critical Rules
	Approach to Critical Rules
	Relative Multiplication 
	Slide Number 18
	Approach to Critical
	Critical Masses of Homogeneous�Water-Moderated U(93.2) Spheres
	Planet Critical Assembly
	Comet Critical Assembly
	Planet Control Panel Display
	Comet Control Panel Display
	Initial Fuel Loading during Transition to �Remote Operations
	Planet during Remote Operation
	Remote 1/M
	Final Approach to Critical
	1/M Using Closure
	Find Critical
	Inhour Equation (Class Foil Experiment)
	Parameters Needed for the Inhour �Equation
	Graphical Representation of the Inhour �Equation for the Class Foil Experiment
	References
	Benchmark Data for Class Foil Experiment

